Abstract -This paper is concerned with the dissemination process of firm-specific annual earnings information in the Norwegian capital market. We find a significant reduction in stock price volatility in the post-announcement period relative to the pre-announcement period for companies traded on the Oslo Stock Exchange in the period 1990-1995. Potential explanations for this phenomenon are tested by relating the observed return volatility to changes in the volatility of the underlying business, the speed at which information is incorporated into stock prices, and the amount of noise in the price process. The empirical analyses reveal no significant changes in either the underlying business variance or the price adjustment coefficients.
INTRODUCTION
Starting with Ball and Brown (1968) and Beaver (1968) , a large body of literature has investigated the information relevance of accounting numbers in capital markets. The majority of studies on stock markets and earnings announcements focus on information content and timeliness -measured by changes in the characteristics of the stock return distribution (e.g. mean, variance, and serial correlation) and trading volume -when corporate earnings are announced to the market. Focusing on the association between earnings releases and the variance of the stock return distribution, empirical studies typically find that the price variance is significantly larger during the announcement period than the average variance in the nonannouncement period (see for instance Beaver, 1968; May, 1971; Hagerman, 1973; Morse, 1981; McNichols and Manegold, 1983; and Patell and Wolfson, 1981 , 1984 on US data, and Brookfield and Morris, 1992 and Pope and Inyangete, 1992 on UK data). This finding is consistent with the claim that earnings data convey new information to the capital market.
The main hypothesis of this paper is that earnings announcements reduce informational asymmetry among investors. The underlying factors of the stock return variances are identified by utilizing a variance decomposition methodology. The data sample is earnings releases to the Norwegian capital market from 1990 to 1995 for companies listed on the Oslo Stock Exchange.
Our research design is motivated by the fact that, as the earnings announcement date approaches, there is usually an intensive flow of earnings-related information to the market, e.g. via firms' communication to analysts, analysts' forecasts to the market, and the earnings announcements of competitors (see Lev, 1989) . Based on this flow of earnings related information, investors continuously revise their expectations as the announcement date approaches. These revisions are the result of the endogenous acquisition of information regarding the forthcoming earnings announcement (see Demski and Feltham, 1994) . The formal earnings release significantly reduces the information asymmetry among investors as more information becomes public. Consequently, we hypothesise a decrease in stock price volatility in the post-announcement period relative to the pre-announcement period. This reasoning is consistent with, for instance, Holthausen and Verrecchia (1988) , who show that ex ante routine 2 announcements increase the variance of announcement period returns, but reduce the variance of the post-announcement period returns. Further theoretical insights into how public announcements affect price changes and volume due to the varying precision of private information prior to disclosures, are provided by Diamond and Verrecchia (1981, 1991) , Grundy and McNichols (1989) , Holthausen and Verrecchia (1990) , Verecchia (1991a, b and , Dontoh and Ronen (1993), and Trueman (1994) .
To analyze the information dissemination process around earnings announcements, we use the price behavior model developed by Amihud and Mendelson (1987) . Their model decomposes the observed return variance into three components: i) an intrinsic variance portion that can be attributed to the volatility of the underlying business, ii) a price adjustment component that captures the effect of an imperfect price adjustment process, and iii) a noise term that is the result of noise trading as well as of the impact of the trading mechanism whereby prices are set in the market. This design provides us with a direction for empirically testing the effects of information dissemination in the capital market. Few empirical studies have explicitly addressed the question of changes in the underlying return-generating process around earnings announcements. Brooks (1996) , however, uses the model proposed by Hasbrouck (1991) , and finds that earnings announcements reduce the level of asymmetric information among traders.
Bid-ask spreads have been examined by Lee et al. (1993) , for example. But the spread is a function of execution and inventory costs as well as adverse selection costs, and is hence a noisy proxy of information asymmetry.
As expected, our empirical analysis finds a significant reduction in stock price volatility in the post-announcement period relative to the pre-announcement period. To analyze the characteristics of stock returns -as reflected by their time series behavior -under different information conditions, our sample was split into two test categories by company size (market value). The literature agrees on an inverse relationship between the amount of predisclosed information reflected in the stock price and the stock price reaction. Capitalization (Atiase, 1985 (Atiase, , 1987 Bamber, 1987) , exchange listing (Grant, 1980; Morse, 1981; and Atiase, 1987) , and the level of institutional investor ownership (Potter, 1992) , have been utilized as proxies for differences in predisclosed information. In our study, the decrease in stock price volatility is significant for both the largest and the smallest companies.
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The decomposition procedure reveals no significant changes in either the intrinsic component or the price adjustment coefficients. However, there is evidence of a significant decline in the noise term for the largest companies after disclosures of accounting information. In contrast, there is a tendency for a non-significant increase in the noise term for the smallest companies.
There are several possible explanations for these noise effects. Of interest, our findings are consistent with discretionary noise traders timing their trades (see e.g. Admati and Pfleiderer, 1988) . In large company stocks, the stock market is efficient due to the high number of analysts following the largest companies. If an efficient market makes the liquidity traders trade as non-discretionary noise traders, their trading would not be affected by disclosures of public information. Nonetheless, the noise traders impact on the market would still be reduced after the disclosure because the bid-ask spread, and thereby price volatility, is reduced due to less private information. In small company stocks, however, the noise traders would benefit significantly by timing their trades to the period of least informational asymmetry, i.e. to the period after public disclosures. Since the amount of noise trading increases in the post-disclosure period, the impact of noise in the stock price would increase, but would be balanced by the simultaneous reduction of the bid-ask spread. This trade-off may explain our insignificant finding of the noise term for the smallest firms. Accordingly, our findings are consistent with the hypothesis that the stock market for smaller companies is less informationally efficient than the stock market for larger companies.
The rest of the paper is organized as follows. In the next section, the data set is presented. In the third section, we examine the effects of earnings announcements on the stock return volatility by estimating the pre-and post-announcement variance of the stocks' daily return distribution.
Explanations for return-process shifts are given by estimating the intrinsic, price adjustment, and noise components of the variance. A summary and conclusions are offered in the final section.
DATA
The study utilizes data from the Oslo Stock Exchange (OSE). Compared with other markets, the volatility of Norwegian stock prices has been high. Based on a value-weighted market index, the standard deviation of annual stock returns for the period 1983-1994 is about 24 per 4 cent in Norway, while corresponding figures in the US and UK are 12 per cent and 13 per cent, respectively. This characteristic of the OSE may be attributed to both economic and market-structure phenomena. First, Norway represents a small, open economy, which is sensitive to the world market prices of its natural resources. The industry structure, characterized by processing intermediate products rather than final goods, increases this price risk sensitivity. In fact, Norwegian securities have been considered an attractive investment due to this commodity price risk sensitivity. Second, since the market is smaller and obviously less mature than the world's largest stock markets, both market structure-related noise and information-related noise, as well as lagged price adjustment to value changes may be present. The methodology used in the paper, i.e. a variance decomposition approach, may provide direct evidence on the underlying price processes in the market, and may represent a potentially interesting approach when explaining the high volatility of OSE stock prices.
The data sample consists of 37 companies listed on the OSE with annual earnings announcements made between 1990 and 1995. In 19 events, stocks with infrequent trading surrounding an annual announcement date were excluded from the analysis, which yields a sample of 203 events. As noted in the introduction, the literature agrees on an inverse relationship between the amount of predisclosure information and the stock price reaction. To analyze the differential impact of earnings announcements accross companies, the sample was split into two categories by size; the smallest (19) versus the largest (18) companies, evaluated by market value. The companies are listed in Table 1. [ Table 1 about here]
Daily prices for the stocks and the value-weighted market index are provided from the Amadeus stock data base at the Norwegian School of Economics and Business Administration. All prices are adjusted for stock splits and dividends. We calculate logarithmic returns, i.e. rt = ln(Pt) -ln(Pt-1), where Pt is the adjusted stock price at time t. Earnings announcements dates have been collected from the Daily Bulletin of the OSE.
METHODOLOGY AND EMPIRICAL RESULTS
To examine effects of earnings announcements on stock return volatility, we use the model of price behavior initially formulated by Amihud and Mendelson (1987) and developed further by Damodaran and Lim (1991) and Damodaran (1993) . In this model, the observed return variance is divided into three components: i) an intrinsic variance portion that can be attributed to the volatility of the underlying business, ii) a price adjustment component that captures the effect of an imperfect price adjustment process, and iii) a remaining noise term. Consequently, this methodology provides us with a tool for empirically testing the effects of information dissemination in the capital market. Amihud and Mendelson (1987) distinguish between the intrinsic or fundamental value of a security and its observed price. The price behavior is described by both market structure-related noise and information-related noise, as well as imperfect price adjustment to value changes:
where Pit and Vit are logarithms of the observed price and the intrinsic value of stock i, respectively, hi is a price adjustment coefficient, and uit is the noise term. The noise term comes from two main sources: i) information-related factors (noise trading), e.g. trading-related mispricing generated by errors in the investors' analysis and interpretation of information, and ii) market structure-related factors, e.g. bid-ask spreads, discreteness of stock prices (Amihud and Mendelson, 1987: 536) .
The observed variance of stock returns can be divided into three parts (Damodaran and Lim, 1991):
where v 2 i LV WKH LQWULQVLF YDULDQFH RI UHWXUQV 2 i is the variance of the noise term, and the term in brackets is the contribution to variance from an imperfect price adjustment. Thus, the first term in (2) is the variance attributed to the volatility of the underlying business. The second term is 6 the component attributed to structure-and information-related noise. The third component reflects the adjustment of prices towards the value of the security. In particular, hi=0
represents the extreme case of no price reaction to changes in value, and 0<hi<1 represents partial price adjustment. A unit-adjustment coefficient, hi=1, represents full, though noisy, price adjustment. When hi>1, there is overshooting or overreaction to new information, thereby leading to higher observed return variances.
To estimate the price adjustment factor using only the time series of returns, Damodaran and Lim (1991) made the following assumptions:
the intrinsic value follows a random walk process, ii) there is no correlation between the noise and the intrinsic value, and
iii) there exists a constant k such that the price adjustment coefficient becomes equal to one if the length of the interval over which returns are measured is greater than or equal to k.
Although it is difficult to justify stationarity in the process for long-period returns, the first assumption is not unreasonable for short intervals. The second assumption is a simplification in the absence of an explicit model for the covariance between the two processes. With respect to the third assumption, Damodoran and Lim (1991) made the choice that k=10. In their study, the price adjustment coefficient for longer intervals rapidly approached one, even for very low or very high values of hi.
To derive the measure of hi, the variances in different return intervals are utilized. The coefficient rijt is firm i's return in time period t, where each return interval is of length j. The variance in these returns can be written (Damodaran and Lim, 1991) :
Furthermore, hik = 1 implies:
where equation (4) is the noise variance component, measured by the serial covariance in return intervals of length k, and equation (5) 
For a given series of return data, the value of k has to be estimated to obtain price adjustment factors over different return intervals j. Watt et al. (1992) for different j. The selected value of k is equal to the value of j at which this covariance stabilizes to a constant value. In our sample, the covariance stabilizes rapidly for return intervals approaching ten days, and, consequently, k is chosen as ten trading days. Hence, we assume full price adjustment by this intervaling frequency.
The components of the return variances are estimated by using the excess return version of the market model. Excess return for stock i on day t is defined as:
where Rit is the return on security i on day t and Rmt is the return on the Oslo Stock Exchange YDOXH ZHLJKWHG PDUNHW LQGH[ RQ GD\ W 7KH PDUNHW PRGHO SDUDPHWHUV i DQG i are estimated using daily returns from 250 trading days preceding the event window, i.e. from day -375 to day -126 relative to the announcement day.
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Total risk
To examine effects of earnings announcements on stock return volatility, we start by calculating the abnormal return variances of each stock. For each event or observation, a variance ratio (VR) is computed by dividing the variance of the post-announcement period by the corresponding variance of the pre-announcement period, i.e. VR = Var(r)(post)/Var(r)(pre). A variance ratio less (greater) than one indicates that the volatility of stock returns is higher (lower) in the pre-announcement period than in the post-announcement period. We apply an Ftest to test the significance of each individual variance ratio. A Wilcoxon test is conducted for the hypothesis that the median variance ratio is one for the sample.
An additional approach to test for differences in total risk between the pre-and postannouncement periods is conducted by estimating the volatility version of the market model over the two subperiods. Schwert (1989 Schwert ( , 1990 ) and Schwert and Seguin (1990) 
This regression model is estimated for each individual stock. The null hypothesis is that the sum of the firm-specific dummy variable coefficients is zero. The test statistic is chi-square distributed.
To analyze the differential impact of earnings announcements across companies, the hypothesis is tested for both the smallest and the largest companies. The results are reported in Table 2 . We learn from Panel A that the variance ratio is significantly less than one for 104 observations and significantly greater than one for 37 observations (at the 5 per cent level). The median variance ratio is significantly less than one for both the smallest and the largest companies. Panel B
shows a highly significant decrease in the average gi-value for both the smallest and the largest companies. A significantly lower stock price volatility in the post-announcement period than in 9 the pre-announcement period, is consistent with the hypothesis that earnings announcements reduce the informational asymmetry among investors.
[ Table 2 about here]
A decomposition of the observed variance reduction
In this section, we consider potential explanations for the overall decline in return variances after the earnings release. Price adjustment coefficients are estimated by equation (6), and noise and intrinsic components of the return variances are estimated by equations (4) and (5) respective ly. The results are summarized in Table 3 .
[ Table 3 about here]
The first component of the observed stock return variance, the intrinsic variance portion, can be attributed to the volatility of the underlying business. Earnings numbers per se are not expected to influence the underlying business risk. However, if an earnings announcement is accompanied by value-relevant information, i.e. information about the firm's future investment opportunities/operating risk, the market's perception about the intrinsic variance would change after the disclosure date. The magnitude depends on the precision of public information with respect to the future underlying value of the firm, and the extent to which disclosed information is already reflected in current market prices. The empirical results document no significant changes in the intrinsic variances for either categories of companies after the earnings announcement date (at the 5 per cent level), suggesting that earnings releases per se are not carrying information which changes the perception of the underlying risk.
The price adjustment coefficient reflects the adjustment of prices towards the underlying value of the security. As pointed out in the Methodology section, a unit-adjustment coefficient, hi=1, represents full, though noisy, price adjustment to new information. However, the majority of the price adjustment coefficients are greater than one both before and after the information release. In general, this is consistent with an overreaction to new information, i.e. the overall observed return variance becomes greater than the underlying variance since value fluctuations are amplified by traders overreacting to new information. Consequently, the high volatility in the Norwegian stock market relative to larger, and more mature stock markets (see the discussion in the Introduction section), is consistent with traders generally overreacting to information.
More specifically, if markets are accompanied by different reaction patterns before and after earnings releases, one would expect the adjustment coefficients to be different between the two periods. We recognize a difference for the two groups of companies, with a tendency for information to be used more intensively (increasing coefficients) after the information disclosure for the smallest companies and more intensively (decreasing coefficients) before the earnings release for the largest companies. However, the data do not reveal any significant change (at the 5 per cent level) in the price adjustment factors between the pre-and postannouncement periods. Thus, there seems to be little evidence that corporate earnings releases per se increase the likelihood of the Norwegian market inadequately reacting to new information.
The estimation procedure is based on the assumption that there exists a constant k such that the adjustment coefficient becomes equal to one if the length of the interval over which returns are measured is greater than or equal to k. In our analysis, the covariance stabilization tests suggest that a value of k equal to ten is appropriate, and we see that hi stabilizes rapidly for return intervals approaching ten days. But we learn from the table that h10 is greater than one, possibly indicating that the selected value of k is too small. To increase the likelihood of h10 converging to unity, the return intervaling frequence must be increased. However, there will be a trade-off between the length of the observation period and the number of return intervals available.
Increasing the interval over which returns are measured will dramatically reduce the number of observations available for estimation, or alternatively, we need a higher total number of observations, in which case the event window must be widened. We consider both these alternatives to be unsatisfactory. Therefore, we have estimated the price adjustment coefficients, assuming a return interval of 10 days.
Two points are of importance when analyzing the effects of the return frequency choice. The first concerns statistical significance. The value of h10 for the segment of the largest companies and the companies combined respectively, is not significantly different from one at a 5 per cent level either before or after the earnings release. However, the coefficient for the smallest companies is significantly different from one at the 5 per cent level. The second concerns biased estimates. As pointed out by Damodaran (1993: 391) , if h10 (in our notation)
is greater than one, the estimates we obtain for h1 through h9 will be biased upwards. Hence, it follows that our estimates of the pre-and post-price adjustment coefficients may be biased upwards. With respect to these two points as well as the fact that the change in the price adjustment coefficients between the pre-and post-announcement periods is non-significant, we conclude that earnings announcements per se seem to have no influence on the speed of adjustment of prices to new information.
The difference between the underlying value of a security and its observed price is attributable to noise. This component is the result of pure noise trading and the impact of the trading mechanism by which prices are set in the market. Noise has been explained by factors such as errors in investors' analyses and interpretation of information about forthcoming company events, see e.g. Black (1986) and Schleifer and Summers (1990) . In our sample, there is evidence suggesting a significant decline in the noise term for the largest companies in the post-disclosure period. On the contrary, there is a non-significant tendency towards increased noise for the smallest companies. These findings are consistent with the extensive literature relying upon Kyle (1985) . In Kyle-type models, the noise component in the stock price volatility is: If, as in Admati and Pfleiderer (1988) , the noise traders are discretionary noise traders who are able to time their trades, it would be optimal for them to concentrate their trades to the period where the problems of informational asymmetry is minimized. Since the problem of asymmetric information is least in the post-disclosure period, it could be optimal to cluster WUDGHV LQ WKLV SHULRG $FFRUGLQJO\ VLQFH V LV LQFUHDVLQJ DQG LV GHFUHDVLQJ LQ WKH SRVW GLVFORVXUH SHULRG WKH QHW HIIHFW XSRQ FRXOG EH ERWK SRVLWLYH DQG QHJDWLYH +HQFH D VPDOO net effect, insignificantly different from zero, may be observed.
In our case, there is an insignificant tendency towards an increased noise term for the smallest firms, which suggests that liquidity traders batch their trades in the post-disclosure period to avoid being exploited by informed traders. For the largest companies there would be less concentration of trades because a more efficient dissemination of information makes it harder for privately informed traders to exploit their informational advantage, e.g. due to a substantial number of analysts following the largest companies. Still, the noise falls from the pre-to the post-disclosure period.
CONCLUSION
There is usually an intensive flow of earnings-related information to the market as the earnings announcement date approaches. Investors' expectations are consequently revised as the announcement date approaches. The formal announcement reduces informational asymmetry, as investors could immediately adjust to public information. Consequently, we expect a decrease in stock price volatility in the post-announcement period relative to the pre-announcement period. Our evidence on Norwegian data clearly supports this hypothesis by reporting a significant decrease in stock price volatility in the post-announcement period relative to the preannouncement period for both the smallest and the largest companies.
Potential explanations for the change in the stock return processes are tested by decomposing the observed return volatility into three components: the volatility of the underlying business, the volatility caused by the speed at which information is incorporated into stock prices, and the volatility caused by noise in the price process. First, the empirical results document that earnings releases per se seem to have no effect on the intrinsic variance. Second, the price adjustment 13 coefficients are generally higher than unity, which is consistent with the claim that the Norwegian stock market is generally overreacting to new information. Such overreaction might help to explain the relatively high stock return volatility observed on the Oslo Stock Exchange.
However, the change in the price adjustment factors between the pre-and post-announcement periods is not significant for any of the estimated coefficients. Consequently, earnings announcements per se do not seem to increase the likelihood of inadequate reactions to earnings information. Finally, there is evidence of a significant decline in the noise term after earnings announcements for the largest companies. This empirical result is consistent with the hypothesis that reduced noise can be attributed to reduced informational asymmetry among investors. 
